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A STUDY OF TRANSONIC BETA HYSTERESIS OF A 0.015

SCALE MODEL 44-0 SPACE SHUTTLE ORBITER TESTED IN

THE NASA/LaRC 8-FOOT TRANSONIC PRESSURE TUNNEL

(LA91)

ABSTRACT

This report presents the results of an investigation in the NASA/

LaRC 8-Foot Transonic Pressure Tunnel of the B hysteresis effect of a

0.015 scale SSV Orbiter.

The model was tested with various carborundum grit transition strip

patterns as well as being tested grit free. The tests were conducted at

Mach numbers of 0.80, 0.90, 0.92, 0.95, 0.98, 1.12 and 1.20 over an angle

of attack range of about -2 ° to 18 ° for angles of sideslip of -3 °, 0 ° and

3 ° . Additional tests were conducted by sideslipping the model from -6 °

to 7° or from 7° to -6 ° at selected angles of attack. The Reynolds number

was held constant at a nominal 3.5 x 10 '5per foot except for a series of

runs which were conducted at a Reynolds number of 5.0 x !06 per foot and

a Mach number of 0.95.
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NOMENCLA%_JRE

General

PLOT

SYMBOL

8

Cp

M

P

q

V

-p

b

c.g.

c

S

SUBSCRIPTS

b

1

s

t

MANEMONIC

CP

MACH

Q(NSM)

Q(PSF)

ALPHA

BETA

PSI

• PHI

SREF

MRP

XMRP

YMRP

ZMRP

DEFINITION

speed of sound; m/see, ft/sec

pressure coefficient; (;_ - p_)/q

Ms ch number; V/_

pressure; N/m 2, psf

d s=iopressure;i/2pv 2,

unit Reynolds n_mber; per m, per ft

velocity; m/see, ft/sec

sngle of sttsck, degrees

sngle of sideslip, degrees

sngle of ysw, degrees

sngle of roll, degrees

msss density; kg/m 3, slugs/ft 3

Reference & C.G. Definitions

bsse sres; m2, ft 2

wing spsn or reference spsn; m, ft

center of _rsvity

reference length or wing mesh

serodynsmic chord; m, ft

wing sres or reference sres: m 2, ft 2

moment reference point

moment reference point on X sxis

moment reference point on Y 8xis

moment reference point on Z 8xls

bsse

locsl

ststlc conditions

totsl conditions

free stresm



PLOT
SYMBOLMNEMONIC

CN CN

C A CA

Cy CY

CAb C_

CAf CAF

Cm CI_

Cn CYN

CL CBL

CL CL

C D CD

CDb CDB

CDf CDF

Cy CY

cm c_

C CLN
n

C_ CSL

L/D

L/Df L/DF

NOMENCLA-_URE (Continued)

Body-Axis System

DEFINITION

normal-.orc_ coefficient; normal force
qS

axial-force coefficient; axial force
qS

side force coefficient; side force
qS

base-force coefficient;

-Ab(Pb - p_)/q_:

ba se force

qS

forebody axial force coefficient, CA - CAb

pitehin_-moment coefficient; pitching moment

qsfR 

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
qSb

Stability-Axis System

lift _o. • _. lift
qS

drag coe_icien_; drag
qS

base-drag coefficient;
base drag

qS

forebody drag coefficient; CD - CDb

side-force coefficient; side force
qS

pitching-momenl coefficient; pitching moment
qS_RE F

yawing-moment coefficient; yawing moment
qSb

rolling-moment coefficient; rolling moment
qSb

lift-to-drag ratio; C_C D

lift to forebody drag rstio; C_CDf



NOMEYCiATLU_ ( font im:.ed)

Plot

S_nbol

8e L

8e R

_a

8e

8BF

8SB

3r

Xcp/_B

C

m

_Y_

Cm_

c/ sR

C n

3R

C

Mnemonic

ELVN-L

ELVN -R

AILRON

ET_-NON

BDFLAP

SPDBRK

RUDDER

XCP/L

DCBLDP

DCIq4_DB

DCY/DB

DCLMDB

DCBLDR

DCYNDR

DCY/DR

Delimit ion

left e!cvon surfn..ce _I_.._=_,___. __,, angle, positive

deflection trailln_ eSge down° decrees

right elevon surface deflection an_!e, positive

deflection trailing edge do_.r_, degrees

aileron defT_ection %ngle, (ELVN-L/2 - ELVN-_/2),

degrees

elevon deflection angle, (ELV_[-L/2 + n_LVN-2/2),

degrees

body flap deflection an_le, degrees

speedbrake deflection angle, degrees

rudder deflection angle, degrees

normal force center-of-pressure over body len,gth

rolling moment coefficient derivative with respect

to sideslip _nglc_ per degree

yawing moment coef?icient _erivative with respect

to sideslip, per decree

side force, coefff _ient derivative -x_'_,;. respect to

sideslip, per degree

pitching moment coefficient derivative with respect

to sideslip; per _e_<ree

rolling moment coefficient derivative with respect

to _adder deflection, per degree

yawing moment coefficient derivative with respect

to _adSer deflection, per de_ree

side force coefficient derivative with respect to

rudder deflection, per degree
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NOMENCi_ITU_tE (Concluded)

Plot

S_ymbol

A
SC

CP c

aSR

Mnemonic

CPC

DBETA

DLTR_/D

Definition

stin_ cavity a_a" m2 _2

body length; m, ft.

sting cavity pressure coefficient

base pressure coefficient

incremental sideslip angle, _eg_ee s

incremental _adder _eflection angle. _e_rees



INTRODUCTION

Langley ResearchCenter (LaRC), assisting Johnson Space Center (JSC)

in the Space Shuttle development program, is continuing its support in

determining SpaceShuttle Orbiter aerodynamics utilizing a 0.015-scale

model.

During a transonic investigation conducted at Calspan Corporation

(LA70) to determine the effects of Reynolds number and sideslip linearity

near Mach1.0 on the SpaceShuttle Orbiter, data at Mach .95 and 15°

angle of attack showedconsiderable discrepancy in yawing momentdue to

sideslip depending on whether data were obtained by sideslipping the

model from right (+) to left (-) or left (-) to right (+) indicating a

hysteresis effect. Becauseof this apparent problem, additional tests

were made to explore this hysteresis in a more recent transonic investi-

gation conducted in the Amesll-foot Transonic Facility (LA77). It was

determined that the hysteresis effect previously noted in the limited

Calspan tests waspresent at M = .95 at angles of attack of 8°, I0 °, 12°

as well as 15° and was generally insensitive to speedbrake setting, rud-

der or other control setting or Reynolds numbers. It was further found

that no hysteresis occurred at M = 0.90 nor at M = 1.05. Twoquestions,

therefore, arose regarding this phenomena: how localized in Machnumber

are those effects and what was the source of the problem?

An investigation has been initiated in the Langley 8-foot Transonic

Pressure Tunnel to study this problem. The approach taken is the fol-

lowing: determine the effect of fixing transition grit on the fillet-body

10



INTRODUCTION (Concluded)

chine lines in an effort to stabilize the critical vortices emanating

from these regions, noted in oil-flew studies at Vought Corporation's

HSWT (LA76); determine the effect of OMS pods-off, vertical tail-off;

obtain fine-cut Mach number data in the region of M = 0.95 to determine

how localized these effects of B hysteresis really are. In addition,

data were taken to supplement the rudder effectiveness study made in test

(LA77). The conditions tested were: for a speedbrake setting of 0 °,

rudder deflections of 0° and -3° , for a speedbrake setting of 15 °, rudder

deflections of -3 ° , -5 ° , -I0 °, for a speedbrake setting of 40 °, rudder

deflection of -i0 °.

]l



CONF!GUR_.TIONS I_TEST!GATED

Test model was a O.Ol5-scale mod_.l of the Space Shuttle Orbiter

(figures 2 and 3). The model w_.s constructed at Langley _esearch Center

using the nose section forward of ful[-scale fuselage station 672.8, the

vertical tail, and OMS pods from an existing Rockwell model 49-0. The

remainder of the model, the wings, el_vons, and body were constructed

from Rockwell-furnished line details. The model designation is 4_-0.

Model configuration is sushi%rimed as follows:

Orbiter-14OA/B/C = B26 C9 E43 F8 _6 N28 R5 V8 W

Com_nent Definit ion

B26 Fuselage per Rockwell Lines VLTO-OOOIKOA and
VL70-OOOI'MOB (Model drawing SS-AO01&7)

C9 Canopy _er Rockwell Lines VLTO-OOOISOA and
VL70-OOOI43B (Model drawing SS-AO01h7)

E43 Slotted version (6-inch of E26 elevons per

Rockwell VLTO-O001M5 (Model drawing SS-AO01M8)

F8 Body f]m.p per Rockwell Lines VL70-OO01&5 (Mo-
del dra,_ing bo-AO01 7)

MI6 OMS/RCS pods per Rockwell Lines VL70-OO8hOIO
(Model drawing SS-AOOIhT)

N28 OM_ engine nozzle per Rockwell Lines VL70-
000145 (Model drawing SS-AOOi47)

R5 Rudder per Rockwell Lines VLTO-OOOIh6A (Model
drawing SS-AOOIhS)

V8 Vertical tail per Rockwell Lines VLTO-OOOI&6A
(Model drawing SS-AOOIhS)

W Wing per Roc]cwell V70-30-906-01 (Basic control

drawing.

A complete description of model dimensional data is given in tabl_ TIT.

The infrared camera pod (SILTS.)wn,s in';ta!led on the vertic_.l t_il as

shown in flgure 2 throughout the test.

12



TESTFACILITYDESCRYPTTON

NASA/LangleyResearch Center 8-foot Transonic Pressure Tunnel is

an air-medium facility capable of attaining continously variable Math

numberfrom 0.20 to 1.30. It is a single-return, closed-clrcult tunnel,

having controlled stagnation temperature, total pressure, and dew-point

temperature. The test section is 7.i square feet. Reynolds numbersare

variable from 0.30 x 106 per foot to 7.00 x 106 per foot, depending on

Machnumberand tunnel total-pressure limitations. Models are supported

in the test section by a sting-sector system, but wall-mounting is pos-

sible. Schilleren photography is available for flow and shock-wave

studies.

13



TESTCONDITIONS

Tunnel conditions during the tests are summarizedin table i an8

the configurations tested are shownin table II. The model was sting

supported, and the aerodynamic forces and momentswere measuredby an

internally mountedsix componentstrain gage balance. In an attempt to
isolate laminar and turbulent flow phenomenaover the model, tests were

conducted grit free and with strips of carborundumgrit applied to the

wing, vertical tail, and nose. Locations of grit are sh_ in figure
2b.

Model angle of attack was varied from about -9° to 18° for angles

of sideslip of -3°, 0° and 3°. Additional tests were conducted by

sideslil_ing the model from -6°to ?°or from 7° to -6° at constant
o o o o

lZ° Zl.5 12 13.5 ° and 16°angles of attack of , 8 , , , , ,

The test Mach numbers were 0.80, 0.90, 0.92, 0.95, 0.98, 1.12 and

1.20 with Reynolds number held constant at a nominal 3.5 X 106 per foot
I"

for all but a few runs where the Reynolds number was held at 5.0 X I0°

per foot.

The angle of attack has been corrected for the effects of sting

deflection under load.

14



DATA REDUCTION

An LaRC Ur-27-100 six-compoNent strain g_ge balance _.s used to

measure model forces and moments. A!._.final data were presented along a

set of body and stability axes (figure I) passing through the nominal

center of gravity located at _S !076.V and FRL 375.0. _ data pre-

sented gross drag in that no cor--ections to free-stream conditions in

the base regions have been made. Model data were converted to standard

NASA coefficients using the following constants:

Reference area

Reference length

Reference Span

Total base a_.excluding
sting cavity

Sting cavity area

2
S._EF = 0.605 _.

L_____ = 7.._2 in.

BP_F = Ik.05 in.

2

-- o.o615

2
o. ft.

15



TABLEI

TEST "L aRC 8' TIT V58 _ LDATE :

TEST CONDITIONS

MACHNUMBER

, . 70

• .80

1.32

1.20

.95

REYNOLDSNUMBER

(perunitlength)

q.50 x 106

3.50 x 106..

3.50 x 106

3.50 x I0°

_.50 x 19g

3.5o x Io6

3.50 x l0t

_.50 x I0

5.O0 x 106

] DYNAMICPRESSURE STAGNATIONTEMPERATURE
i
l (pour_s/sq.i'_;..) (degrees.Fahrenheit)

52B iooo

i 577 1oo°
I

625

G3_

I00°
lO0°

0

i00

I00 o

I00 o

i00°

707

730

950 I00°

'I

BALANCEUTILIZED:

: NF

SF

AF

PM

RM

YM

I_RC _ 9v-lO0

ACCURACY:CAPACITY:

+

6oo lb. "3Zb.
+

__ - z.5o I"o

loo ib - o.>ooI"o.

800 in.-lb. *-k.O0 in,-lb.

, kO0 "In.-]1-_. _.

600 %n.-lb. "_"- q.O0 _n.-Ib.

COEFFICIENT
TOLERANCE:

COMMENTS:

16
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(
TABLE II!. -

_'REVISED ,'/2_/7'

MODEL n_,,=_,T_,;_,,.,ONAL DATA

MODEL COMPONE_IT ,-,no-,,_ _-_ ,Zt_6

GENERAL DESCRIPTION C'_l'lf]I/'!_'L"'_--_t_-o ''] I-_£"_./_ O,["D_ter ._se]._._j

NOTE: P2_ is idIcntic_l to B_,_ cxceot -nders_Ce of fuselage h_..been

refn_red to • _ *aeC_O_ T,;

MODEL SCALE: O.O_.5 }.:ODL._7_PO$.'-',V._';C:SS-AOO!h7: P/LEASE 12

DRAWING NUMBER VL,O-OOO_.¢.... , -O_D._::),D, O_3205, -006.089, -OOO145,
-O00.L_z.'A, O-CO:LgO:-;

DIMENSIONS.

*Length (07J:,:

_Length ( Z;.ff_:

Max Width (@ X

Max Depth (,& Xo

Fineness Ratio

Area Ft 2

FULL SCALE

Fw_ S*_. _:235)-z_. 1293.3

Fwd Sta. Xo=2_8 )-T_. 1200.._

= ].528.3) - In. ?(,_.?.

= 1464) In. _ 250.0_

Max. Cross--Sect;on_i _40.. 88

Ptanfor=

MODEL SCALE

19. _00

19. Z55

3_o_

1 ? I 7 _0 ....

i i i j i i

-- o .077

23



*_zvzsss _/24/7_

TABLE III. - P,ODEt. DI_ENSIONt, L DATA- Continued.

(

MODEL COMPONENT _.,=_,:oTf.., c9

GENERAL DESCRIPTION _ Com+"_g,r'm.".i,-,n 3._: r'.,,_-_..,y _._,.a "-'%th. _,._,:l,_g,:,

_r,-

MpDS'L. SCAI,_:- O.O&5 ._

DRAWING NUMBER _VT.,TO-OOOlt,_,;

,#DI_?_= T,##,%_'fh- Rq-#.C_'ll,'_7, RFT.!mA_ lP

&B

DIMENSIONS '

* Length (Xo

Max Width

Max Depth

: 434.643 to 578)

(@ xo :. 5_3. _27)

(@xo = 485.o)

Fineness Ratio

Area

MOx. Cross-Sectional

Plan form

Wetted

Bose

FULL SCALE
o

MODEL SCALE

25 ,o,_-,o -o :-_,75

|1 _ i

i = ,, , i

,, I
i1 ii ,i

24



TABLE'II!. - MODELDIMENSIONALDATA- Continued..

G_N_,RAL-_'-_ DESCRIPTION: Com-fi_aratien=!bO._B Orbiter elevon.

NOTE: _ F_ is a slotted version of F__6 D_ta are for one side.

MODEL SCALE; O.O!5 Model drawinc SS-AOCIa8

DRAWING Nu ,BER:

DiMINS!ONS:

VLTO-O002CO. VL70-OO6X)89, VZ_X)6092

fULL-SCALE

Area- Ft2

Span (equivalent)- In.

!nb'd equivalent chord In.

Outb'd equivalent chord In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord
T

Sweep Back Angles, degrees

Leading Edge

tL_ai!ir_ EdGe

Hingeline

• _k9.2....

_____,_.OOk

w"

0.00

Area Moment ( Product of Area and_)-Ft 3

Mean Aerodynamic Chord (_), in. 90.7

MODEL SCALE

_ o.o_7_

5.238

!. 7'70

o. _,_8

O. O0

--!o.o56 ..

_o,o'% _

n -n_5_6

i.3(-o5

25



TABLE III. -MODEL DIMENSIONAl_ DATA- Continued.
.

MODEL COMPONENT :_ BODY ::F._.P -

GENERAL DESCRIPTION : , con?_m_rat_on I:_/B Orbiter Bad 7 Flao. :

Hingeline located at X° : 1528.3, Z° =.28_.3

V_7-OOOI_OA, VL70 -000145

, , i m

SS-AOOIk7. RELEASE 1_

DIMENSIONS " FULL SCALE MODEL SCALE

Length (Xo=I520.TO Xo:1613 )

Max Width (In:)

Max Depth (X o = 1520) - In.

Fineness Ratio

Area - Ft 2

Max. Cross-Sectional

Plan form

Wetted

Base

In. q_ .OCX3

2"_.000 .

i, i

i

I q?_-':;_q

21.8&722

1. "_95

.. _._

,, O.a ,s _

1

,_ i , i ,

• O, 0339

26



(
TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT:

GENERAL DESCRIPTION:

o:'.s Pod (MZ6)

Confi_urati.on !&OD Orbiter O_-Pod

°

Model Scale = 0.015. _.'odelDrawing No.

DRAWl NG NUMBER

DIMENSION:

VL70-OOO!&OD

VL70-OOSAIO

Length (0_._ _'b,'d Sta Xo---1310.Sf)-In.

Max Width (_- Xo = 1511 )-Lu.

Max Depth (g Xo = _1%"11 )-In.

Fineness Ratio

Area - FT2

Max Cross-Sectional

Planform

We t ted

Bose

FU LL SCALE

258.5

136.8

74.7

2.4s4

58.864

i_, f

-- ?

SS-AO0147
, - j

MODEL SCALE
i

3._7_ .....

2,.,052

I. 121

_'}2.4e_

_0. O'l-a2

27
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TABLE III. - MODEL DI_/_NSI0,_[AL DATA-Continued

,,_r,_ COYLOO_TiT_T: OMS _....;..... ,. ,_OZZI_S - N2_

_f,r DESCRIPTION: Confi_uration %_:0A/B Orb't_r OMS Nozzles

0.O1_ MODEL DRA;,_NG:

VL70-000145, (Location)
• L

SS-0001h7 R,.,'_r.,F._.SE5 (Contour)

DIML"_SIONS:

MACH NO.

Length - In.

Gimbal Point to Exit Plane

Throat to Exit Plane

FULL SC_J_E MODEL SCALE

_iameter - In.

Exit

Throat

Inlet

Area - ft2

Exit

Throat

Gimba! Point (Station)

.Left Nozzle

Xo

Yo

Z o

Right Nozzle

X

Y

Z

In.

_L51.6.,_0...._ _ _P2.2_LO___
- 88.0 - .]._o _

__e2. o 7- 383

_15!8.0 ....... 22.770

,+ 86.0, + i,_20
4 2.o __Z.,.!TD___

s

Null Position - Deg.

Left Nozzle
Pitch

Ysw

15°49 ' 15°49 ' ._

i2o17 ' 12017, ...

Right Nozzle

l_itch

Y_w

, v _ _O t15°&9 ___ &9

12o13, _/

i
i

t
i

i

f ,
J

!

28



(

_P_VI SED 4/24/7&

TABLE III. - MODEL DZ>_CNSI0i{AL DATA- Continued.

MODEL CO,.PO,,_,J : Rb_DDER = R=
,V

GENEPAL DESCRIPTIO,: _A. _ RA Rn_ 1L_O.,,P, <proi._,r;_.tion_

MODEl, SCALE: 0.0!_ Model drawing SS-A00148

DRAWINC #2 _ER" VLTO,O30!&6A,.. YL70-000095, V'L70-OOO139.

FULL-SCALE

*Area- Ft 2

Span (equivalent)- Tn

Inb'd equivalent chord - In.

Outb'd equivalent chord- In,

Ratio movable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

Sweep Back -Angles, degrees

Leading Edge

T_'ailing Edge

Hingeline

¢" .
* Area Mom_n, (Product of area & c)-Ft 3

_Mean Aerodynamic Chord_ In.

MODEL SCALE

20!.0

91.585

50.833

_.0.022_ ,

'R.0"i5.,,

,,o.7625

o. &oo

o. _oo

34..8__

26.25 _

610.92

73.2

.e#.2s

0,002
'4

]..o98

Zj 29



*F_V!SED 4/2&,/74

TAB!Z_ !i!. - MOD_ DI_SIONIL __g_. _ Continued.

MOD_2L CO:_/_N'-_T: VERTICAL - V 8

G.FaN_RALDESCRIPTION: _onf_,_u_a__.n !_0_,L0rbit_ V_._l _._:]

<

O.015. MOD_I DRAWING: SS-AOOlh8, =RELEASE 6

DLMEi,_SIONS:

TOTAL II_TA

Area (Theo) - Ft2 "

l_a n%rm

Span (Theo)- In.

Aspect Ratio

Rate of Taper

Taper Ratio

Sweep-Back Angies_ Degrees.

Leading Edge

* Trailing Edge

0.25 Element Line

/_ULL SCALE MODEL SCALE=

_.31&,/.29.,__ b..73_ ._

e,5,o7 o_5n7 ._

__45_noo k_mofu___
___ 2g._ ,

Chords:

Root (Theo) "..i?

Tip (Theo) kiP
MAC

Pus. Sta. of .25 MAC

W.P. of .25 _@.C

B.L. of .25 MAC

_" _,.o28
_1_o8-4.7.0 1.62.7

71 -953

635- 5_2 _9- 533 I

0 ,iOO O _oo

Ai__foil Section

Leading Wedge ::ngle - Deg.

Trailing Wedge Angle - Deg.

Leading Edge Radiuz

IO ,CO Io_oo

_..Li_ao._._ u4_a__
2.0:3 _ o _o3_

Void Area 13.17 __ O.00_ _ .

Blanketed Area O .co 0 _oo

3O



,MODELCC_,20NSNT:

_2_VISED</24/74
TABLE III. - MODELDIMENSIONAL uAIA - Concluded.

WING-W

Conf_-urat_oe k . _

trail_nF ed-_e of__.n_<. =

'_ __, _ _ __, _ S C # _E : I 0_91 _ . L I ,iiModel,, drawing SS-A00148

DWG. NO. vTor3o-9o6-ol (BCD)

DIM-INS!ONS: FULL-SCALE NODEL SCALE

TOT_. DATA
Area _,'_eo. ) Ft 2

P1an form
Span (Theo In,
Pspect Ratio
Rate of Taper
Taper Ratio
Dihzdral Augle, degrees
Incidence Angle, degrees

Aerodynamic Twi st, degrees
_a._ Angles,Sweep " _' degrees

Leading Edge
Trail ing Edge
O.Z5 Element Line

Chords:
Root (Theo) B.P.O,O,
Tip, (Theo) B.P,
MAC
*Fus, Sta, of .25 MAC

*W.P. of .25 MAC
* B.L. of .2.5MAC

EXPOSED DATA
_-*Area Ciheo) Ftz "

* Span, (Theo) In. BPI08

* Aspect Ratio
Taper Ratio.
Chords

* Root BPI08

Tip 1.O0 b

* MAC
* Fus. Sta, of .Z5 MAC
* W°p. of .25 MAC

-. * B.L. of .Z5-,vAC
Airfoil Section (Rockwell Mod NASA)

XXXX-64

Root b

Tip b

Data for (I) of (2) Sides

Leading Edge Cuff
•Planform Area Ft_ -

• Leading Edge Intersects Fus M. L. @ S_a

• Leading Edge Intersec_ Wing @ Sta

2690.0o

_".93, :6 '
2.265

,,, 1 _IT 7
0.2_

3-soq

.,. + 3.OpO

= _5,00o
- io.o5_6

474,
_ ] _{'_ _._,

72o._8
- 2.050.

. Q.21L%

3.92.83

_ _251,77

o.1<3

_ 0.12

.  o,o
1024.0'.)

2,265

i77

+ . ..gPP ,

10.056

7 l._ 0 _ .

17 ,"_q? , ,

P. "70.9

O. 301

2. os9 .,.
_o.?__ _

o&R _

, i 9 " 892 i

 I:ZE
LI3. "*_77 : --

O.llq

O. 12

:0.o 5"--
_7,qD

1 5 _ _ 6 ....

31
• °



E \

oo

0

Z
U

/
I

>./

\
\

X

{/1

0

-o

0
+_ K.)

O3
°_

_b
t_

32



6eR 0
8eR= , ..... ; ? eRI

\

I |

Positive
Deflection of

Rudder, 8r

Elevon, _e

Right, 8e R

Left, 8e L

Aileron, 8a

Body Flap, 8bf

Angle

+_ , -_

-a , -0

-#,

÷4,

,4,

-a , -0

Aero Forces.
and Moments

÷Cy , -C n

-C m

-C l

÷q

÷q

-C m

13) - Contl_l Surface De_le_'t'_0_ .....

Hinge
Moment

-Ch r

-Ch e

"CheR

"CheL

"Chbf

Figure I. - Concluded
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F ILLET

0. I inch strip of no. ]O0 9tit

at 0.5 inch measured streamwise

• • °

MAIN WING and VERTICAL TAIL
: ..... , ,|1 J , , i I

Oil inch strip of no. 120 9rit

at 0.5 inch measured streamwise

OBI'I_

0.I inch strlpB

of No. I00 grit

• . f"

.....
0.1 inch strip of no. 120 grit

at.l.2 inch measured strean_,sise

Location of Trans_.tion Grit

Figure 2. - Contin_ed
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/

(c) Infrared Camera Pod

Figure 2. - Concluded
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APPENDIX

TABULATED SOURCE DATA

Tabulations of plotted data are available from DMS upon request.
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